, and variable region 3 [V3]) were analyzed for the pretreatment serum samples of 60 HCV genotype 1-infected patients treated with pegylated IFN plus ribavirin (1b, n ‫؍‬ 47; 1a, n ‫؍‬ 13) but with different treatment outcomes, those with sustained virologic responses (SVR; n ‫؍‬ 36) or nonresponders (NR; n ‫؍‬ 24). Additionally, the sequence of the PKR/eIF-2␣ phosphorylation homology domain (E2-PePHD) region was determined for 23 patients (11 SVR and 12 NR). The presence of >4 mutations in the PKRBD region was associated with SVR (P ‫؍‬ 0.001) and early virologic responses (EVR; 12 weeks) (P ‫؍‬ 0.037) but not rapid virologic responses (4 weeks). In the ISDR, the difference was almost statistically significant (68% of SVR patients with mutations versus 45% without mutations; P ‫؍‬ 0.07). The V3 region had a very high genetic variability, but this was not related to SVR. Finally, the E2-PePHD (n ‫؍‬ 23) region was well conserved. The presence of >4 mutations in the PKRBD region (odds ratio [OR] ‫؍‬ 9.9; P ‫؍‬ 0.006) and an age of <40 years (OR ‫؍‬ 3.2; P ‫؍‬ 0.056) were selected in a multivariate analysis as predictive factors of SVR. NS5A sequences from serum samples taken after 1 month of treatment and posttreatment were examined for 3 SVR and 15 NR patients to select treatment-resistant viral subpopulations, and it was found that in the V3 and flanking regions, the mutations increased significantly in posttreatment sera (P ‫؍‬ 0.05). The genetic variability in the PKRBD (>4 mutations) is a predictive factor of SVR and EVR in HCV genotype 1 patients treated with pegylated IFN and ribavirin.
The hepatitis C virus (HCV) is one of the most frequent causes of chronic viral hepatitis, liver cirrhosis, and hepatocellular carcinoma. Current therapy, a combination of pegylatedalpha interferon (peg-IFN-␣) and ribavirin (RBV), achieves a response rate between 48% and 88% (29) . The factors that have been shown to predict the response to therapy include HCV genotypes other than 1, low viral load, rapid virologic response (RVR; 4 weeks), and early virologic response (EVR; 12 weeks) (3) . It is believed that both host and viral factors, including several viral genomic regions, are essential for an effective response to IFN therapy (9) .
The clinical importance of amino acid mutations within the functional regions of the HCV proteins in correlation with chronic hepatitis C (CHC) has been questioned. NS5A has been studied as a possible mediator of IFN-␣ resistance (17) . Information, derived mainly from the subgenomic replicon system, suggests that NS5A is involved in genomic RNA replication (21, 23) . Prior to this, Enomoto et al. (8) suggested that the genetic heterogeneity of a specific domain of the NS5A region, termed the IFN sensitivity-determining region (ISDR), was related closely to the response in Japanese patients with HCV genotype 1b, so that patients with at least four mutations within the ISDR achieved a sustained virologic response (SVR) to IFN-␣ monotherapy (8, 27, 40) . However, the reported results in Europe and the United States concerning the correlation of the substitutions within the ISDR to the treatment outcome are conflicting (13, 26, 41) . It is well known that the ISDR is necessary but not sufficient for the interaction between NS5A and the PKR enzyme (which is very important for the activation of IFN), with an additional 26 amino acids distal to the ISDR being required (12) . This region is termed the PKR binding domain (PKRBD). This region-mediate disruption of PKR dimerization resulted in the repression of PKR function and the inhibition of PKR-mediated eIF-2␣ phosphorylation. The introduction of multiple mutations within the PKR-binding region, including those within the ISDR, abrogated the ability of NS5A to bind to PKR. Recent studies have found that mutations within the PKRBD of HCV type 1 are associated with a long-term sustained response to IFN-␣ and IFN-␣/RBV therapy (2, 24, 33) .
Recently, clinical studies have proposed that the number of amino acid variations within variable region 3 (V3) may be associated with the treatment outcome (7, 26, 30, 33) .
A PKR/eIF-2␣ phosphorylation homology domain (PePHD) within the E2 protein has been found to interact with PKR and inhibit PKR in vitro, suggesting a possible mechanism of HCV to evade the antiviral effects of IFN (35) . Mutations in this region are believed to influence the response to IFN therapy (16, 31, 32) ; however, the results of different studies are conflicting because this region is highly conserved (2, 5, 13, 18, 38) .
It has been speculated that mutations in the functional regions of the HCV proteins may be correlated with the response to IFN therapy, but few studies have been made of combinate peg-IFN-␣ and RBV therapy, and what results are available are contradictory, possibly due to geographical factors. Furthermore, few studies exist that include all regions involving IFN activity, and little has been published on correlating the predictive factors of the response to the treatment with the genetic variability of these genome regions. We also examined the sequences not only in SVR and NR patients but also in patients showing RVR. In this paper, we report the results of an extensive analysis of the pretreatment amino acid substitutions in the E2-PePHD, NS5A-PKRBD, NS5A-ISDR, and NS5A-V3 and flanking regions and their correlation with factors to predict responses to peg-IFN-␣ plus RBV therapy in patients with genotype 1. We also analyzed changes in the sequence motif during therapy for 18 patients.
MATERIALS AND METHODS
In this prospective study, 60 patients infected with HCV genotype 1 were treated with peg-IFN-␣-2a (180 g/week) and RBV (1,000 to 1,200 mg/day) for 48 weeks. The diagnosis of CHC was based on raised aminotransferase levels for at least 6 months, biopsy-proven CHC, and the permanent detection of serum HCV-RNA. Individual data were collected on baseline clinical, biochemical, virological, and histological parameters. Finally, HCV-RNA analysis was performed at 4, 12, 24, 48, and 72 weeks. The histologic study was carried out in accordance with Scheuer's grading of necroinflammatory activity, with slight modifications (4). The patients showed no evidence of hepatitis B virus-infected, alcoholic, autoimmune, or drug-induced liver disease.
Patients who obtained normalization of alanine aminotransferase levels and HCV-RNA clearance for more than 6 months after therapy were considered as presenting SVR (n ϭ 36; 60%). At week 12, 52 (87%) patients presented EVR (HCV-RNA negative or had a Ն2 log 10 decrease in viral load). Patients without EVR (non-EVR) were considered nonresponders (NR; n ϭ 8). Also, patients who became HCV-RNA negative during a course of therapy but then relapsed and redeveloped HCV-RNA after stopping treatment (n ϭ 16; 27%) were considered NR (n ϭ 24). Finally, in 40 patients we studied who had RVR at 4 weeks, 21 (53%) patients were HCV-RNA negative. The sequences of the NS5A-PKRBD (codons 2209 to 2274, including the ISDR [codons 2209 to 2248]), NS5A-V3 (codons 2356 to 2379), and flanking regions for the dominant variant of HCV were determined for the pretreatment sera of 60 patients. These sequences were also analyzed for the treatment and posttreatment serum samples of 18 patients in order to identify changes in the sequence motif during therapy. In addition, the sequences of the E2-PePHD region (codons 659 to 670) and 5Ј flanking region (codons 629 to 658) were determined for 23 patients with HCV genotype 1b.
Informed consent to participate was obtained from each patient. The study protocol conformed to the ethical guidelines of the 1975 Helsinki Declaration, and prior approval for the study was obtained from the ethics committee.
Virologic assays. The virus genotype was determined by reverse hybridization (Inno-LIPA II HCV; Innogenetics, S.A., Ghent, Belgium). HCV-RNA was determined for sera with the Amplicor HCV kit. HCV-RNA serum levels were measured by the Cobas Amplicor monitor HCV test version 2.0.
Amplification and sequencing of NS5A and E2-PePHD. HCV-RNA was extracted from 200 l of the pretreatment serum samples by means of the High Pure Viral RNA kit (Roche Diagnostics GmbH, Penzberg, Germany). Isolated HCV-RNA was reverse transcribed by using avian myeloblastosis virus (Reflectase; Activ Motif) and 20 U of RNasin (Promega) at 42°C for 1 h in the presence of antisense primer (1 M) ( Table 1 ). For the nested PCR, we used Brilliant Sybr green QPCR master mix (Stratagene) in an Mx3000 thermocycler (Stratagene). The first PCR mixture consisted of 12.5 l of the master mix, a sense and an antisense primer (0.25 M) (Table 1), 0.3 l of ROX (reference fluorescent dye), and 4 l of cDNA; 1 l of the first PCR mixture was used for the second PCR, and diethyl pyrocarbonate H 2 O was added to obtain a final volume of 25 l. To analyze the NS5A region and the PePHD region, two PCRs were conducted, the first consisting of 1 cycle at 95°C for 10 min; 33 cycles at 95°C for 30 s (30 cycles for PePHD), 60°C for 30 s (58°C for PePHD), and 72°C for 65 s (50 s for PePHD); and 1 cycle at 72°C for 8 min. The second PCR was conducted in the same way as the first PCR, except for an annealing phase at 58°C for 50 s for elongation. The samples were subjected to a cycle of denaturation to visualize the dissociation curve. The size, purity, and approximate yield of the DNA obtained were verified by direct observation of 2% agarose gels. For sequencing, we used the Terminator Big Dye 3.1 (Aplay BioSystems) within a 3100 genetic analyzer (Aplay BioSystems). Between 10 ng and 40 ng of purified DNA (NucleoSpin extract; Macherey-Nagel) and 6.4 pM of sequence primer (Table 1) were added to obtain a 10-l final volume. Analysis of the chromatograms was by means of Chromas Lite software (http://technelysium.com.au).
Sequence analysis. NS5A and PePHD were aligned to the following reference sequences: HCV-J (GenBank accession number D90208) for genotype 1b (19) and HCV-1 (GenBank accession number M62321) for genotype 1a (6) . The most common amino acid at each position of this study was taken as the consensus sequence. The factors associated with the mutations in each of the regions were studied, taking into account the median of the number of mutations in each region and distributing, in this way, the population of each region into two groups of similar size (ISDR, with and without mutations; PKRBD, Ͼ or Յ4 mutations; V3, Ͼ or Յ5 mutations). This allowed us to determine major statistical significances.
Phylogenetic analysis. The phylogenetic tree of the NS5A region (codons 2191 to 2405) of the 60 sequences of all patients was constructed by the Clustal W Table 2 . The sequences were aligned with the reference strands (HCV-J for genotype 1b and HCV-1 for genotype 1a) ( Fig. 1, 2 , and 3). We did not find any predictive factors of RVR (4 weeks). With respect to EVR, 19 patients (100%) who presented Ͼ4 mutations in the PKRBD region had EVR (P ϭ 0.037). The only factors associated with SVR were an age of Յ40 years and the presence of Ͼ4 mutations in the PKRBD region. In the ISDR, the difference was almost statistically significant. Nevertheless, when the average mutations in the ISDR were determined, there was a statistically significant difference between SVR and NR (1.41 Ϯ 1.46 mutations versus 0.58 Ϯ 0.65 mutations, respectively; P ϭ 0.005). In the logistic regression analysis, Ͼ4 mutations in the PKRBD and ages of Յ40 years were independent factors of SVR (Table 2) ; this does not preclude the possibility that both variables correlate to biological factor affecting the viability or fitness of the virus in the organism and therefore to the viral load. If the sequences were aligned with the consensus sequence, only the PKRBD region would be related to SVR (79.2% of the NR had Յ1 mutation and 58.3% of the SVR patients had Ͼ1 mutation; P ϭ 0.004) ( Fig. 1 and 3A) . The V3 region had a very high genetic variability ( Fig. 2 and 3B ) but was not related to SVR ( Table 2 ). The sequence of the E2-PePHD was determined for 23 patients with genotype 1b (19 EVR, 4 non-EVR, 11 SVR, and 12 NR). This region was well conserved. Two patients with one mutation had EVR, and later, they were viral RNA positive. Twenty-one patients had the wild type, which is why we did not continue sequencing this region. In the 5Ј flanking region of E2-PePHD, 9 of 23 patients (5 SVR and 4 NR) had Ͼ6 mutations, but this fact was not statistically significant.
RESULTS

Baseline characteristics of patients and different responses
When we compared patients with SVR (n ϭ 36) and relapsers (n ϭ 16), the predictive factors of SVR were ages of Ͻ40 years (P ϭ 0.04) and Ͼ4 mutations in the PKRBD (P ϭ 0.001) as before; also, the differences in viral load were almost statistically significant (P ϭ 0.07).
Analysis of factors associated with mutations in the NS5A-PKRBD. All patients presented amino acid substitutions in the PKRBD region when the sequences were aligned with the reference strands ( Fig. 1 and 3A) . Ninety-two percent of the women (P Ͻ 0.0001) and 79% of the patients with viral loads of Ͼ600,000 IU/ml (P ϭ 0.006) were related with Յ4 mutations (Table 3) . On examining the consensus sequence and considering the number of mutations, the women had less variability (77% of women with Յ1 mutation versus 41% of men with Յ1 mutation; P ϭ 0.006). Moreover, the patients with low viral loads had more mutations (75% of patients with viral loads of Յ600,000 IU/ml with Ͼ1 mutation versus 25% of patients with viral loads of Յ600,000IU/ml with Յ1 mutation; P ϭ 0.016).
Analysis of factors associated with mutations in NS5A-ISDR and the flanking region. In the ISDR, 38 patients (63%) had genetic variability and 22 (37%) had a prototype ISDR sequence. When the sequences were aligned with the reference strands, the patients aged Յ40 years, the men, and those with viral loads of Յ600,000 IU/ml presented high genetic variability (Table 3) . With respect to the consensus sequence, 65% (22/34) of the men presented mutations, whereas 62% (16/26) of the women did not (P ϭ 0.039), and the patients with low viral loads had more mutations in this region (92% with mutations versus 8% without mutations; P ϭ 0.003). Scheuer's grading of necroinflammatory activity, with slight modifications. Activity grade is periportal inflammation (score, 0 to 4) plus intralobular degeneration and focal necrosis (score, 0 to 4); the total score for activity could range from 0 to 8. Fibrosis stages are no fibrosis (0), periportal fibrous expansion without septum formation (1), periportal fibrous expansion with some septum formation (2), periportal fibrous expansion with septum formation (3), and cirrhosis (4) . In the 5Ј flanking region (codons 2191 to 2208), 83% (50/60) of the patients did not present mutations, and statistically significant differences were found only with genotypes (genotype 1a, 31% of patients without mutations and 69% with mutations; genotype 1b, 98% of patients without mutations and 2% with mutations; P Ͻ 0.0001).
Analysis of factors associated with mutations in NS5A-V3 and the flanking region. In the V3 region, when the sequences were aligned with the reference strands, the only factor associated with the number of mutations was gender (Table 3) . When the sequences were aligned with the consensus sequence, only the genotype was statistically significant (for genotype 1a, 92% of patients presented Ͼ3 mutations (median); for genotype 1b, 64% of patients presented Ͻ3 mutations; P Ͻ 0.0001) (Fig. 2 and 3B) .
The flanking regions, preV3 (codons 2275 to 2355) and postV3 (codons 2380 to 2405), were notable for their lack of homology between genotypes 1a and 1b. As happened with the V3 region consensus, the patients with genotype 1a had a greater number of mutations in both regions than the patients with genotype 1b (preV3 region, P ϭ 0.013; postV3 region, P ϭ 0.025) (data not shown). We have not found a correlation between the number of mutations in these regions (preV3 and postV3) and the response to the treatment (data not shown).
Evolutive study. We analyzed the genetic variability of the different regions of NS5A before, during, and after therapy to determine the selection of treatment-resistant viral subpopulations in 18 patients (3 SVR, 15 NR) ( Table 4 ). Because of a rapid decrease in the viral loads in responders, sequence data were available for three patients undergoing therapy, who were sampled during the first month of treatment, but no consistent change was detected in the PKRBD, V3, or flanking regions. Serum samples from 15 NR patients from the first month of treatment and posttreatment were sequenced, and statistically significant differences were found between the number of mutations from the first month of treatment and the number of posttreatment mutations in the V3 and flanking regions (P ϭ 0.05) ( Table 4) .
Phylogenetic analysis. The NS5A region has been used to make the phylogenetic tree (codons 2191 to 2405) using 60 FIG. 1. Major PKRBD sequences in genotype 1b-infected patients. Each sequence was compared to the HCV-J 1b prototype sequence and consensus sequence. The positions of the first and last amino acids of the PKRBD in the HCV polyprotein are indicated over the HCV-J sequence. Each patient is designated by a number and response to treatment. (Fig. 4) . No clustering occurred by treatment response or gender. However, the patients were clustered by genotype, as was to be expected.
DISCUSSION
In the present study, we set out to determine whether the numbers of mutations in the E2-PePHD, NS5A-PKRBD, NS5A-ISDR, and NS5A-V3 regions isolated from the pretreatment serum samples of chronically infected patients with genotype 1 treated with peg-IFN-␣-2a and RBV were correlated with the RVR and final outcome. The majority of the previous studies were done with a notably lower number of patients than the number of patients used in this study (n ϭ 60) and using other treatments like IFN monotherapy or standard IFN and ribavirin. In addition, we sought to correlate the predictive factors of virologic response, such as age, gender, genotype, viral load, and EVR, with the genetic variability of the virus in these regions.
We know that other regions exist that have been less widely investigated, such as the polymorphisms in the RNA viral 5Ј region (IRES). This region has been studied in relation to the response to treatment with IFN. Nevertheless, in several studies, no significant difference between the polymorphisms in this region and the response to IFN was found (34, 36) .
As we found mutations in relation to HCV-J and HCV-1 that occurred repeatedly in all our patients, we decided to perform a consensus sequence with all the patients participating in this study. These mutations have been demonstrated in other reference sequences (37) . This suggests that it is reasonable to use the consensus sequences to assess the substitutions in NS5A, but when the sequences were aligned with the consensus strand, we obtained results similar to those with the reference strand.
It has been suggested that the NS5A protein plays a role in HCV-RNA replication. It has also been demonstrated that the number of mutations in the ISDR regulates the replication of replicons in vitro (21) . It is likely that specific amino acid variations within the NS5A regions that modulate HCV-RNA replication are important for the antiviral response to IFN-␣.
The inhibition of the antiviral activity of IFN by NS5A has been shown in vitro in NS5A/PKR interaction via an NS5A-specific PKRBD (10, 12) and in mammalian cells using encephalomyocarditis virus and vesicular stomatitis virus (11) . However, an inconsistent association between this in vitro interaction and the clinical response has also been reported (28) . In this work, multivariate analysis revealed that the presence of Ͼ4 mutations in the PKRBD was only an independent factor associated with SVR and EVR to combination therapy. Previous papers have also reported a positive correlation between the number of mutations and SVR in this region (2, 24, 33) . However, there are only a few studies in which such relationships have not been found (20, 22) ; these studies either investigated only genotype 1a patients (22) or performed the statis- (20) . A high level of significance for this correlation was observed when the analysis was restricted to nonconserved amino acid variations (33); this was found, too, with genotype 3 patients (15) . Our data back the idea that the PKRBD and not the ISDR alone is a functional domain of NS5A and may produce resistance or sensitivity to IFN therapy. It has been reported that a subset of genotype 1 patients who had RVR (undetectable serum HCV-RNA levels of Ͻ29 IU/ ml) at 4 weeks of treatment achieved SVR (89%) with only 24 weeks of peg-IFN and ribavirin treatment and that data at 12 weeks are good for predicting NR (42) . It is easier to routinely determine HCV-RNA and viral loads rather than sequence b Posttreatment versus basal value differences were statistically significant (P ϭ 0.06).
c Posttreatment versus first-month treatment value differences were statistically significant (P ϭ 0.05).
HCV, but the objective of this work was to study the importance of genetic variability in relation to viral response. This type of study (analysis of genomic viral sequences) can have many future repercussions with progressive cost reduction and easy use of sequencing technologies. Therefore, we think that in a not very distant future, the genetic sequence might apply in the clinical routine, facilitating a more personalized follow-up of patients. Nevertheless, we did not find any predictive factors for RVR.
In the present study, women presented less variability than men in the PKRBD. Likewise, patients with high viral loads presented fewer mutations in the PKRBD region than those with low viral loads. The fact that 100% of the patients who have Ͼ4 mutations in the PKRBD region presented EVR is important.
The ISDR is useful as a predictive marker of the response to IFN therapy for patients with a Japanese-specific subtype (HCV-J) (8, 25, 40) , but similar correlations were not observed in studies conducted in Europe and the United States (13, 26, 41) . Nevertheless, a meta-analysis of 655 Japanese and 525 European patients that focused on geographical differences (27) concluded that there was a significant positive correlation between the number of ISDR mutations and the SVR rate, irrespective of geographical region, although the likelihood of SVR with each additional mutation within the ISDR was considerably more pronounced for the Japanese patients than for the European patients. In our study, the existence or absence of mutations in the ISDR was not correlated with SVR (Table  2) . Nevertheless, the patients with more mutations were correlated with a greater response to treatment (1.41 Ϯ 1.46 mutations for SVR patients versus 0.58 Ϯ 0.65 mutations for NR patients; P ϭ 0.005). Enomoto et al. (8) found a significant positive correlation between the number of ISDR mutations and the SVR rate, when considering three groups of patients: wild type (0 mutations), intermediate type (1 to 3 mutations), and mutant type (Ͼ4 mutations). In our cases, only 7% of the patients were mutant type, whereas 57% were intermediate type and 37% wild type, as has been found in other European studies. Interestingly, we found that predictive factors of SVR, such as ages of Յ40 years and viral loads of Յ600,000 IU/ml, were correlated significantly with a higher number of mutations in the ISDR.
Studies of the V3 domain have revealed that responsiveness to IFN/RBV therapy is correlated with mutations (7, 26, 30, 33) . In the present study, no correlation was found between the number of mutations in the V3 and flanking regions and treatment response. The number of mutations in the V3 region was only correlated with gender, with women presenting fewer mutations. We have not found a correlation between the mutations in the flanks and V3 region and the possible cooperation with the PKRBD to influence the response to treatment. We believe that this can be possible, but we think that a major number of sequences are needed to be able to demonstrate these facts.
In the present study, women presented less variability in the PKRBD and V3 regions. We do not have a clear explanation for this result. Nevertheless, we found a paper (39) for which it was found that females and males have different numbers of mutations in their pretreatment sequences. However, there are very few cases, and they have not been studied. At first, we thought that the variability could be due to a more aggressive immune response in men than women. Another possibility is that men generate more radical oxygen species in cells, causing more viral mutations. In any case, we believe that it is an interesting finding that needs more study.
The present study shows that PePHD was highly conserved, and thus, only 2 NR patients had one mutation, this being corroborated by other studies. There are no significant correlations between the substitutions in PePHD and the response to IFN therapy (2, 5, 13, 18, 32, 38) . Nevertheless, the flanking region of PePHD (the N-terminal variable region in the Cterminal part of E2) correlates with both the response to IFN monotherapy and viral load (38) . We did not find these correlations in the flanking region. Attempts have also been made to correlate substitutions in PePHD with hepatocellular carcinoma (1, 14) . Further studies on the correlation of substitutions of PePHD with the clinical aspects of chronic HCV infection are needed.
In the evolutive study (Table 4) , we observed for the NR patients that the PKRBD region did not present significant changes so that the dominant quasispecies of the pretreatment were persistent during treatment. We think that IFN will be an important selective agent for the present quasispecies and that these could change the composition of the viral population. Nevertheless, most of our patients from the evolutionary study (15 of 18) were NR, from which we found some viral populations that finally resisted the pressure of IFN. In the V3 and flanking regions, we found a statistically significant increase in mutations between the first month of treatment and 6 months posttreatment. It is possible that important modifications in the number of mutations or of changes in concrete positions in the V3 region could modify the structure of certain functional domains as the PKRBD and ISDR. Nevertheless, we consider that this region alone does not play an important role in the treatment outcome.
We think that specific mutations, not just the total number of mutations, can be sufficient to impede the PKRBD's interaction with PKR. Because of this, some authors (21) have proposed different amino acids (2209, 2216 and 2227) whose substitutions might be associated with a high rate of response. In our study, only one patient with an SVR presented substitutions in amino acids 2209 and 2216. Likewise, we believe that the substitution of such amino acids as proline, which breaks the alpha helix in the protein structure, means a drastic change in the structure and function of the protein. Nevertheless, in our study, we found only one change of this type (proline), and it corresponded to a patient with a response. In the same way, we think that a change in an amino acid's group (hydrophobic, polar, acidic, and basic) presupposes an alteration of function and structure. We have analyzed changes in the groups of amino acids (data not shown) which are very similar to those that we show in this paper. These results have not been given in this paper because we think that the identification of important positions and/or concrete substitutions of amino acids that alter function requires the analysis of more patients or sequences to obtain trustworthy conclusions.
In summary, our results concerning the ISDR are generally in line with those reported in European studies. It is clear that a large cohort, divided into wild-type, intermediate-type, and mutant-type ISDR groups, needs to be analyzed to draw con- (8) . From our study of HCV genotype 1-infected patients with a strong statistical analysis method and with a big sample of the population, we established that the presence of Ͼ4 mutations in the PKRBD region of NS5A protein from pretreatment serum samples is correlated with the virologic response to peg-IFN/RBV therapy, and therefore, PKRBD sequences might be used as a prognostic guide for treating HCV-1-infected patients.
